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Abstract
We investigated whether the size aftereffect (apparent spatial-frequency shift after adaptation to slightly different frequencies)
is direction selective; i.e., whether it is stronger for test stimuli moving in the adapting direction than the opposite direction. We
used drifting sinusoidal gratings of various spatiotemporal frequencies for both adaptation and test stimuli, and the perceived test
frequency was estimated by means of a matching technique with a staircase method. For the purpose of comparison, the
post-adaptation threshold elevation was measured in addition to the size aftereffect. The results revealed that the direction of
stimuli had no influence on the magnitude of the size aftereffect for a wide range of spatiotemporal frequencies, whereas the
post-adaptation threshold elevation showed clear direction selectivity. Although there was a significant direction selectivity for the
size aftereffect at low spatial and high temporal frequencies, the selectivity was much weaker than that seen in the threshold
elevation data. These findings are discussed in relation to the validity of a unified account of selective adaptation at and above
threshold contrast and the notion of the separate processing of pattern and motion information. © 1999 Elsevier Science Ltd. All
rights reserved.
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1. Introduction
After adaptation to a particular spatial frequency,
the perceived spatial frequency of suprathreshold test
gratings shifts away from the adapting frequency: a test
frequency higher than the adapting frequency looks
higher than it is, and a test frequency lower than the
adapting frequency looks lower than it is (Blakemore &
Sutton, 1969; Blakemore, Nachmias & Sutton, 1970).
This phenomenon, known as the size aftereffect (SAE),
peaks when the test spatial frequency is about 3:4
octaves higher or lower than the adapting frequency,
and when the test orientation is the same as the adapt-
ing stimulus (Blakemore et al., 1970; Blakemore &
Nachmias, 1971).
The topic of interest in the present paper is selectivity
of the SAE to the direction of motion. We examined
whether the SAE is stronger for the test grating moving
in the adapting direction than for that moving in the
opposite direction. Our motivation is to answer ques-
tions related to two prevailing, but controversial, hy-
potheses. One hypothesis is that adaptation effects at
and above threshold are based on a common mecha-
nism. The other is that motion and pattern information
are separately processed in the visual system.
1.1. A unified account of aftereffects at and abo6e
threshold
Spatial-frequency adaptation not only induces the
SAE for suprathreshold stimuli, but elevates detection
thresholds selectively at and around the adapting fre-
quency (e.g. Blakemore & Campbell, 1969). This post-
adaptation threshold elevation has been accounted for
in terms of a reduction in sensitivity of the mechanism
selectively sensitive to the adapting frequency. The fre-
quency selectivity of the threshold elevation, together
with that of masking (Legge & Folley, 1980; Wilson,
McFarlane & Phillips, 1983), provides strong evidence
of the existence of channels, each tuned to a narrow
range of spatial frequency (Blakemore & Campbell,
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1969). The orientation specificity of threshold elevation
has been interpreted to indicate narrow orientation
tunings of those channels (Blakemore & Nachmias,
1971).
The SAE has been explained also in terms of a
sensitivity reduction of spatial-frequency channels
(Blakemore et al., 1970; Braddick, Campbell & Atkin-
son, 1978). When the adaptation reduces the sensitivity
of channels tuned to the adaptation frequency, the
response pattern of all channels to a suprathreshold
stimulus presented at a slightly different spatial fre-
quency is expected to shift away from the adapting
spatial frequency. The visual system interprets this shift
in the distribution of channel activity as a shift in
stimulus spatial frequency (the distribution shift
model). The selectivity of SAE to spatial frequency and
orientation strengthens the notion that the sensitivity
reduction of channels responsible for the threshold
elevation gives rise to the SAE.
In contrast to this account, some discrepancies be-
tween the threshold elevation and the SAE have been
reported. Heeley (1979) found that the SAE occurred
even at the orientation orthogonal to the adapting
stimulus, where no threshold elevation was obtained.
Using a counterphase adapting grating whose spatial
frequency was perceptually higher than it actually was,
Parker (1981) found that the SAE was dependent on
the apparent spatial frequency of the adaptation stimu-
lus, whereas the threshold elevation was dependent on
the physical spatial frequency. The validity of the
unified account of the two adaptation phenomena is
still controversial.
It is known that threshold elevation is selective to the
direction of motion for a wide range of spatiotemporal
frequencies; threshold is more elevated for test stimuli
moving in the adapting direction than for those moving
in other directions (Sekuler & Ganz, 1963; Levinson &
Sekuler, 1975, 1980). It is therefore of interest to exam-
ine the direction selectivity of the SAE (cf. Carney,
1982).
1.2. Processing of a pattern in motion
A number of studies (Kulikowski & Tolhurst, 1973;
Zihl, von Cramon & Mai, 1983; Albright, 1984; Paster-
nak, 1986; Livingstone & Hubel, 1987; Zeki, 1990) have
suggested that motion and pattern information are
separately processed, at least partially, in the visual
system. According to this notion, one may expect that
a pattern in motion, such as the spatial frequency of a
drifting grating, is processed separately from its motion
components. However, as far as we know, direct psy-
chophysical support of this dissociation is quite limited,
at least for suprathreshold stimuli.
Alternatively, a pattern in motion may be processed
by a direction-selective mechanism (cf. Burr, 1980; Burr
& Ross, 1986; Burr, Ross & Morrone, 1986). Many
psychophysical (Pantle, Lehmkuhle & Caudill, 1978;
Anderson & Burr, 1985, 1989; Cameron, Baker &
Boulton, 1992; Ledgeway, 1996; Nishida, Ledgeway &
Edwards, 1997) and neurophysiological (DeAngelis,
Ohzawa & Freeman, 1993) studies suggest that the
mechanism responsible for the detection of motion is
selective to spatial frequency. The frequency selectivity
is useful for reliable extraction of motion (Adelson &
Bergen, 1985; van Santen & Sperling, 1985; Watson &
Ahumada, 1985), but at the same time permits the
motion mechanism to potentially code the spatial fre-
quency of moving stimuli. The visual system may re-
cover both the spatial frequency and motion of moving
stimuli from the activity of the same mechanism.
The SAE is a typical pattern illusion. We can exam-
ine the mechanism for the perception of a pattern in
motion by measuring the SAE for moving stimuli.
In summary, if the SAE is direction-selective, the
results would support the unified account of aftereffects
at and above thresholds, and the notion that the visual
system utilises a direction-selective mechanism for the
perception of pattern in motion. On the other hand, if
the SAE is not direction-selective, the results would
provide evidence against the unified account and sup-
port for the separate processing of motion and patterns.
2. Methods
2.1. Apparatus
Visual stimuli were generated by a workstation (Con-
current MC6450) and displayed on a 20 in. CRT (Sony
GDM1952). The refresh rate of the CRT was 67 Hz.
The output of the display had 12-bit resolution, and
was Gamma-corrected by means of a look-up table.
Subjects binocularly viewed the display with their head
fixed on a chin rest. The viewing distance was 104 cm in
most conditions, and 27 cm when the adapting fre-
quency was 0.5 cpd. The pixel resolution of the CRT
was 60 pixels:deg at the viewing distance of 104 cm,
and 15 pixels:deg at 27 cm.
2.2. Stimuli
During the adaptation phase, an adapting grating
was presented on either the left or right side of the
fixation cross. During the test phase, a test stimulus was
presented at the same position as the adapting stimulus,
and a match stimulus was presented on the opposite
side (see Fig. 1). Each stimulus was a luminance-modu-
lated sinusoidal grating, oriented horizontally, and sub-
tending 4.274.27° at a viewing distance of 104 cm
(17.117.1° at 27 cm). At the edge of the grating, the
stimulus contrast was linearly decreased over 1° (4°) by
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Fig. 1. Stimulus used for the measurement of the size aftereffect
(matching period). The left grating is the test grating and the right
one is the match grating. In the experiment, both gratings were
drifting in the same direction (upwards or downwards). During the
adaptation period, a single drifting grating was presented at the
location of the target grating.
2.3. Procedure
We measured the PSE (point of subjective equiva-
lence) of the perceived spatial frequency of the test
grating by means of a matching technique with a
staircase method. Each experimental session consisted
of a 3-min initial adaptation followed by repeated
presentations of the test stimuli and a 10-s top-up
adaptation stimuli (Fig. 1). In each trial, the test and
match gratings were presented within a temporal Gaus-
sian window of 1 s (S.D.177 ms). Subjects were
asked to judge which grating (test or match) appeared
to be lower in spatial frequency (two alternative forced
choice). To minimise the possible effects of alignment
clues on the spatial frequency matching, the phases of
the test and match gratings were randomly changed.
For a given test spatial frequency, two staircases ran
simultaneously: one for the test moving in the adapting
direction, and the other for the test moving in the
opposite direction. The trials of each staircase appeared
in random order. Within each staircase, the spatial
frequency of the match grating was increased by 0.07
octaves (1.05, final step size) when it was judged to
be lower than the test in the previous trial, and de-
creased by the same amount when it was judged to be
higher. The step size was four times and twice the final
step until the first and second reversals, respectively. A
staircase terminated at the sixth reversal, and the geo-
metric mean of the last four reversals was taken as an
estimate of the matching point. When a double stair-
case sequence for one test frequency was finished, the
next sequence for another test frequency immediately
started. The measurements were made for several test
frequencies in one session, and the order of appearance
was randomised. The data for each test frequency were
collected for four conditions of the adapting grating
(left:right positions and up:down directions). The PSE
for the no-adaptation condition was measured in the
same way, except that a uniform field was presented
instead of the adapting grating.
For the purpose of comparison, we also measured
the elevation of the detection threshold after adapta-
tion. Two adapting gratings moving in the same direc-
tion were presented on the left and right sides of the
fixation cross. In a test trial, a single drifting grating
was presented on one side, and the subject was asked to
using a dithering technique. The separation between the
fixation cross and the border of the grating was 0.5°
(2.0°). All the stimuli were presented on a homogeneous
background subtending 19.2(H)15.2(V)° (76.8
60.7°). The mean luminance of the gratings and the
background luminance were 32 cd:m2.
The adapting grating drifted at a certain spatiotem-
poral frequency. The spatial frequency of the test grat-
ing was varied from 2 to 2 octaves around the
adapting frequency (0.5 octaves step), except when the
adapting frequency was 1 cpd (13 octaves) or 4
cpd (31 octaves). The test grating drifted at the
same temporal frequency as the adapting grating, in a
direction either the same as or opposite to the adapta-
tion. The temporal frequency and direction of the
match stimulus were the same as those of the test, and
the spatial frequency was changed according to the
subject’s response. The contrast of the adapting stimu-
lus was 15% and that of the test and match gratings
was 30%. Use of the test contrast higher than the
adapting contrast minimises reduction in the apparent
contrast of the test grating (Georgeson, 1985).
Fig. 2. Apparent spatial frequency shift after adaptation to a drifting grating. The adapting spatiotemporal frequency is 2 cpd:0.5 Hz, 2 cpd:2 Hz,
or 2 cpd:8 Hz in (a); 1 cpd:8 Hz or 4 cpd:8 Hz in (b); and 0.5 cpd:0.5 Hz or 0.5 cpd:8 Hz in (c). The abscissa represents the spatial frequency
of the test grating relative to that of the adapting grating, and the ordinate represents the matched spatial frequency of the test grating relative
to the actual spatial frequency. The temporal frequency of the test and match gratings was the same as the adapting grating. The contrast of the
adapting stimulus was 15% and that of the test and match gratings was 30%. The open circles represent the result in the adapting direction, and
the filled circles in the opposite direction. The filled squares represent the result for the no-adaptation condition. The error bar represents 91 S.E.
In (a) and (c), the results for two subjects (SN in the upper, IM in the lower) are shown. In (b), the results for IM are shown.
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Fig. 2. (caption opposite)
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judge the location of the test stimulus. The contrast of
the test stimulus was decreased after three successive
correct responses and increased after one incorrect re-
sponse. The final step size was 1 dB. The other procedures
for the threshold measurement were the same as those for
the SAE measurement.
2.4. Subject
Two of the authors (IM, SN) served as subjects. Both
had corrected-to-normal vision by means of glasses or
contact lenses.
3. Results
Fig. 2a shows the results of spatial frequency matching
obtained for an adapting grating of 2 cpd drifting at 0.5,
2, or 8 Hz. Fig. 2b shows the results for 1 and 4 cpd
gratings drifting at 8 Hz, and Fig. 2c shows the results
for a 0.5 cpd grating drifting at 0.5 or 8 Hz. In each graph,
the abscissa represents the spatial frequency of the test
grating relative to that of the adapting grating, and the
ordinate represents the matched spatial frequency of the
test grating relative to the actual spatial frequency. The
results are for both subjects (IM, SN), except for the
spatial frequency of 1 and 4 cpd (IM only). Each point
is based on four judgements.
For all the spatiotemporal frequencies we examined,
the SAE was clearly observed for both subjects; the
perceived spatial frequency of test gratings shifted away
from the adapting frequency. The curves of the afteref-
fects were qualitatively similar to those previously re-
ported (Blakemore & Sutton, 1969; Blakemore et al.,
1970). The range of test frequencies in which the SAE
occurred (more than 92 octaves) was considerably
wider than that in previous studies (91.5 octaves
(Blakemore & Sutton, 1969; Blakemore et al., 1970)).
This is probably due to the use of dynamic stimuli in the
present study (c.f. Parker, 1981). In addition, our data
showed that spatial-frequency adaptation lowered the
perceived frequency even for the test grating presented
at the adapting frequency.
The main interest of the present study is whether the
SAE is selective to the direction of motion, i.e. whether
the SAE is stronger for gratings drifting in the adapting
direction than for gratings drifting in the opposite
direction. Such selectivity was found only for the adapt-
ing frequency of 0.5 cpd:8 Hz (the right panels in Fig.
2c) and 1 cpd:8 Hz (the upper panel in Fig. 2b). At these
adapting frequencies, especially 0.5 cpd:8 Hz, the SAE
was stronger for the adapting direction () than for the
opposite direction (). For the other adapting frequen-
cies, i.e. for spatial frequencies higher than 1 cpd or for
temporal frequencies lower than 8 Hz, the magnitude of
the SAE was almost the same for both directions. These
points are statistically supported by a two-factor
ANOVA (test frequencydirection) on the magnitude
of the SAE (the difference in the log spatial frequency
between physical and matched values), where the interac-
tion between the test frequency and the direction was
significant or nearly significant only for 0.5 cpd:8 Hz
(F(8, 24)2.86, PB0.05 for IM; F(8, 24)2.22, PB
0.1 for SN). Accordingly, we can say that the SAE is not
direction-selective in the range of spatiotemporal fre-
quencies we examined, except at a low spatial and high
temporal frequency (0.5 cpd:8 Hz).
On the other hand, the post-adaptation threshold
elevation was highly dependent on the motion direction
as has been shown in a number of experiments (Sekuler
& Ganz, 1963; Levinson & Sekuler, 1975 Levinson &
Sekuler, 1980; Nishida et al., 1997). Fig. 3a shows the
post-adaptation contrast threshold relative to the pre-
adaptation one as a function of the test spatial frequency
relative to the adapting spatial frequency. The adapting
spatiotemporal frequency was 2 cpd:8 Hz. It is clear that
the post-adaptation threshold was more elevated in the
adapting direction () than in the opposite direction (),
whereas the magnitude of the SAE obtained at the same
adapting frequency was affected little by the direction
(the right panels in Fig. 2a). The results for the other
adapting frequencies are shown in Fig. 3b1. Each column
represents the post-adaptation threshold elevation in the
adapting direction (open column) and in the opposite
direction (filled column) measured at the adapting fre-
quency. For these adapting frequencies, it is also found
that the threshold elevation was much larger in the
adapting direction than in the opposite direction. In
contrast to the SAE, the threshold elevation is selective
to the direction of motion.
To quantitatively compare the effects of the motion
direction on the SAE and the threshold elevation, we
estimated the relative magnitude of each aftereffect
obtained in the same (adapting) direction to that in the
opposite (opp.) direction (same:opp. ratio). The same:
opp. ratio in the SAE is defined as the average magni-
tude of the aftereffect in the adapting direction relative
to that in the opposite direction at test frequencies in
ranges of 0.5 to 1.5 and 0.5 to 1.5 octave differ-
ences. The ratio in the threshold elevation is defined as
the threshold in the adapting direction relative to that
in the opposite direction when the test frequency was
the same as the adapting frequency. The estimated
ratios are plotted in Fig. 4, where the open columns
represent the same:opp. ratios of the SAE and the
filledcolumns represent those of the threshold elevation.
The graphs show that, for all adapting frequencies, the
1 The threshold values with and without adaptation were measured
in separate sessions. Although IM’s threshold for 2 cpd:0.5 Hz and for
2 cpd:2 Hz slightly decreased after adaptation in Fig. 3b, this may be
the result of session-to-session variation. In contrast, because the
threshold values for the two adapting directions were measured in
simultaneously running staircases, their differences were more reliable.
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Fig. 3. (a) Relative threshold elevation after adaptation to a drifting grating of 2 cpd, 8 Hz and 30% contrast. The abscissa represents the spatial
frequency of the test grating relative to that of the adapting grating, and the ordinate represents the contrast threshold after adaptation relative
to that with no-adaptation. The open circles represent the result in the adapting direction, and the filled circles in the opposite direction. (b) The
post-adaptation threshold elevations for various adapting frequencies. The data obtained when the test spatial frequency was the same as the
adapting frequency are plotted. The open column represents the result in the adapting direction, and the filled column in the opposite direction.
In both (a) and (b), the upper panel shows the results for IM, and the lower panel the results for SN. The error bar represents 91 S.E.
relative magnitude of the SAE was at most 1.3, whereas
the threshold elevation ratio reached 2.5–3. Thus, the
dependency on the motion direction was much weaker
for the SAE than for the threshold elevation. This was
true even for an adapting frequency of 0.5 cpd:8 Hz, for
which we found a significant effect of motion direction
on the magnitude of the SAE (the right panels in Fig. 2c).
Based on this analysis, we can conclude that, for the
whole range of spatiotemporal frequencies we examined,
the SAE is still less dependent on the motion direction
than the post-adaptation threshold elevation.
4. Discussion
The direction selectivity of the SAE depends on
spatiotemporal frequency of the stimulus. While weak
but significant direction selectivity of the SAE was
found at low spatial and high temporal frequencies (0.5
cpd8 Hz), the direction had no influence at high
spatial or low temporal frequencies. In contrast, the
post-adaptation threshold elevation showed clear direc-
tion selectivity under all the conditions we examined.
The present finding provides strong evidence against
the unified account of aftereffects, which states that the
sensitivity reduction of the same spatial-frequency
channels gives rise to the threshold elevation and the
SAE.
The detection threshold is presumably determined by
the channel most sensitive to the test stimulus. On the
other hand, according to the distribution shift model,
the perceived spatial frequency of the suprathreshold
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test stimulus is determined by the activity of a number
of channels. One might argue that the SAE gives different
reults than the threshold elevation simply because the
average adaptation in a number of channels do not have
to be the same as adaptation in a single channel. How-
ever, this notion by itself cannot account for why direct-
ion selectivity is much weaker for the SAE than for the
threshold elevation. The present results suggest that the
threshold elevation is primarily subserved by a direction-
selective mechanism, whereas the SAE is primarily sub-
served by a non-direction-selective mechanism.
One factor that gives rise to a reduction of direction
selectivity for the SAE may be the difference in the
contrast sensitivity between direction-selective and non-
selective mechanisms. Contrast dependency of motion
detection performance (Nakayama & Silverman, 1985;
Derrington & Goddard, 1989; Edwards, Badcock &
Nishida, 1996), as well as contrast response of neurones
in the primate visual cortex (Tootell, Hamilton &
Switkes, 1988; Sclar, Maunsell & Lennie, 1990), suggests
higher sensitivity for direction-selective mechanisms than
for non-selective mechanisms. Therefore, the detection
threshold and its elevation is likely to be subserved by
a direction-selective mechanism (Watson, Thompson,
Murphy & Nachmias, 1980; Watson & Robson, 1981;
Burr & Ross, 1982). On the other hand, the SAE is
measured using patterns presented at a suprathreshold
contrast that can effectively activate a non-direction-se-
lective mechanism. Consequently, the SAE is expected to
be less direction selective than the threshold elevation.
However, the suprathreshold test stimuli can also
activate the direction-selective mechanism. Although the
difference in contrast sensitivity might explain the weak
direction selectivity of the SAE obtained at low spatial
and high temporal frequencies, it is insufficient to explain
why the stimulus direction under the other conditions
had no effect. This notion is strengthened by our
preliminary observation that the direction selectivity of
the SAE was very weak even when the test contrast was
low (2 threshold contrast). In addition, the idea that
the contribution of a direction-selective mechanism is
nearly negligible for suprathreshold stimuli seems incon-
sistent with the fact that a moving stimulus presented at
suprathreshold contrast is perceived to be moving, and
that motion-related aftereffects measured using
suprathreshold stimuli, such as the motion aftereffect
(Wohlgemuth, 1911; Cameron et al., 1992) and speed
aftereffect (Thompson, 1982), are direction sensitive.
The main reason for the nearly exclusive contribution
of the non-direction-selective mechanism to the SAE
may be that the SAE is based on judgement of spatial
frequency. That is, consistent with the notion of sepa-
rate processing of pattern and motion, the visual system
may selectively utilise the output of the non-direction-
selective mechanism for the judgement of the pattern
even when the stimulus is moving2. On the other hand,
Fig. 4. The same:opposite ratio of the SAE (open columns) and the
threshold elevation (filled columns). The relative magnitude of each
aftereffect obtained in the same (adapting) direction to that in the
opposite direction is plotted. The upper panel show the results for
IM, and the lower panel the results for SN. The error bar represents
91 S.E.
2 Strictly speaking, our data, obtained with an adaptation tech-
nique, do not exclude the possibility that the judgement of spatial
frequency of moving stimuli is based on the output of a direction-se-
lective mechanism whose adaptation is not direction-selective. A
number of studies have suggested that the sensitivity reduction (or
contrast gain change) due to adaptation is a result of prolonged
interaction between neighbouring channels, rather than fatigue of
strongly stimulated channels (Carpenter & Blakemore, 1970; Dealy &
Tolhurst, 1974; Magnussen & Kurtenbach, 1980; Gleenlee & Mag-
nussen, 1988; Saul & Cynader, 1989; Ross & Speed, 1991). This
implies that the properties of aftereffects do not necessarily reflect
those of adapted mechanisms. In effect, it is reported that some
direction-biased cells in cat visual cortex are affected nearly equally
by adaptation stimuli moving in the cells’ preferred direction and
non-preferred direction (Saul & Cynader, 1989). However, at present,
there appears to be no good reason to expect that a direction-selective
mechanism with direction-non-selective adaptation is functionally
segregated from that with direction-selective adaptation.
S. Nishida et al. : Vision Research 39 (1999) 3592–3601 3599
the output of the direction-selective mechanism may be
used primarily for motion-related judgements, though
there is a possibility that the non-direction-selective
mechanism may also contribute to the speed judgement
(Harris, 1980; Smith, 1987; Smith & Edgar, 1994).
As we mentioned in the Introduction, there is a
possibility that the visual system utilises a direction-se-
lective mechanism for the perception of pattern in
motion (Burr & Ross, 1986). The direction selectivity of
the SAE obtained at low spatial and high temporal
frequency could be regarded as a line of evidence in
favour of this hypothesis. An alternative interpretation
however is that the weak selectivity is just the result of
an imperfect segregation of the two types of mecha-
nism. For spatiotemporal frequencies for which the
direction-selective mechanism dominates over the non-
selective mechanism, the pattern vision might use the
output of the mechanism that has some amount of
direction selectivity. At present, it is debatable whether
the weak but significant direction selectivity of the SAE
provides evidence against the notion of separate pro-
cessing of motion and patterns.
Although the present findings are incompatible with
the unified account of the threshold elevation and the
SAE, the distribution shift model remains a possible
explanation of the SAE. Adaptation to drifting gratings
expectedly brings about frequency-selective sensitivity
reduction both for direction-selective and non-selective
channels. A lack of direction selectivity of the SAE can
be explained in terms of a modified version of the
distribution shift model that includes the notion of
selective contribution of direction-non-selective chan-
nels for spatial frequency judgement.
The validity of the distribution shift model has been
called into question by discrepancies between the SAE
and the threshold elevation with regard to the effects of
stimulus orientation and the apparent spatial frequency
shift (Heeley, 1979; Parker, 1981). In addition, when
the adaptation contrast is lower than the test contrast,
spatial frequency adaptation does not significantly re-
duce the perceived contrast of the test stimulus
(Georgeson, 1985), though it produces strong SAE as
shown by the present data. As an alternative to the
distribution shift model, Heeley (1979) and Parker
(1981) have proposed a two-stage model in which
threshold elevation is determined by the spatial-fre-
quency channels, whereas the SAE occurs in a higher-
order process which receives the outputs from those
channels. They argued that the properties of the SAE
which are inconsistent with those of the threshold ele-
vation reflect characteristics of the higher-order process.
One may regard the present finding of weak direction
selectivity of the SAE as a fact in favour of this
two-stage model. Such a higher-order process, if it
exists, is expected to have limited sensitivity to the
direction of motion.
Two basic pattern attributes processed by the early
visual system are spatial-frequency and orientation, and
a suprathreshold aftereffect, known as the tilt afteref-
fect (TAE), occurs in the orientation domain, just like
the SAE occurs in the spatial-frequency domain. Over
and Broerse (1972), and Carney (1982) have addressed
the directional selectivity of the TAE, but obtained
conflicting results: the former found no directional se-
lectivity, but the latter found selectivity. Qualitatively
speaking, the TAE appears similar to the SAE in that
the aftereffect is direction selective only under limited
conditions. Although Carney (1982) obtained clear di-
rection selectivity in the TAE at a spatiotemporal fre-
quency (1.64 cpd:3.94 Hz), around which we found
little direction selectivity in the SAE even with the
steady fixation that Carney (1982) suggested was essen-
tial to obtaining direction selectivity, future systematic
study is required to evaluate any detailed relationship
between the two aftereffects with regard to their direc-
tion selectivity.
Finally, our data showed that spatial-frequency
adaptation lowered the perceived frequency even for
the test grating presented at the adapting frequency, an
effect not found in the previously reported data (Blake-
more & Sutton, 1969; Blakemore et al., 1970). One
possible factor of this effect is that the range of spatial
frequency we used was lower than that used before,
though there is no strong reason to expect such an
effect only for low spatial frequencies. Another possible
factor is a reduction in the perceived speed after adap-
tation. The apparent spatial frequency of drifting grat-
ing becomes higher as the speed increases (Parker,
1981, 1983). The apparent speed reduction of the test
grating in comparison with the adaptation-free match
grating may result in apparent lowering of spatial fre-
quency. This account predicts that the effect is stronger
for the adapting direction than for the opposite direc-
tion, and for high temporal frequencies than for low
frequencies. The present results are not perfectly consis-
tent with these predictions. At present, the mechanism
of this effect is still an open question.
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